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KSp ^ bvel y: B ,y suc J h , a P"** 55 ' the models « " The present invention is not limited to the foregoing 
range from the original model to the most approximated embodiments but many modifications and variation! are 

m °il ,h an £ e Sm ° 0thly con ' ,n " ousl y ° b,ained - Possible within the spirit and scope of the appended claims 

By the above processes, the discrete hierarchical approxi- of the invention, 

mated model can be obtained and the model of the middle 5 What is claimed is: . 

layer can be also obtained. The approximated model " 1. A method of" approximating an image by decreasing an 

obtained and stored as mentioned above is switched in amount of image data used to create the image, wherein said 

accordance with the size, position, speed, and attention point image data defines a polygonal framework, said framework 

SL £ JET" u model on the picture plane in being composed of line segments drawn between vertices, 

the display apparatus 8 and is displayed in step S8. FIGS. 7A said method comprising- 

X^ZS* ° f appr ° Xima,ed modd derived -aluating a degree of importance of each line segment of 

n u . ii L . . said framework; 

MO. 12 schematically shows an example of the orocess- .i 

ing resmts according io the embodiment. In this exTpfe, TaZwn k^h T "T^E h & °, m ^ 

the original model is a sphere comprising 182 vertices, 360 SSSE£ , f - f k?° S£ " d eVaJUaU ° n 

planes, and 279 texture coordinates. An image of the earth « , ° f SMd . dC8ree °. f . UIlp0 r r,Mce of each l,ne ^ m ™ v > and 

is adhered as a texture to the sphere. It is approximated for determining a position of a vertex after said unnecessary 

the original model by reducing every 60% in comparison of , ~ C f , rem ° ved - L . ._, . 

the number of vertices. FIG. 13 shows a wire frame state of i ^ hod ° f , Cla,m \\ wherem said lma § e da,a defines 

a model when the texture of the same approximated model 3 ^imensional polygonal framework, 

is not adhered. In FIG. 12, since the image is consistently 20 J n r me,h ° d ° f C r laira , V- wherein sa ! d evalua ting a 

held, it is difficult to know a degree of approximation, in the de S ree , of lm Ponance of each line segment is performed by 

approximated state before the texture image is adhered as ? v atm! t !? ^ Wb ' Ch 5 V °' Ume of ,he ^ onli 

£T U ' Pf08reSS ° f « ^ S^SSSfi segmer 86 " ^ ^ 

e ! r c y f I" D fi „ . . 4. The method of claim 3, wherein said evaluating a 

inv^tl y ffh D k U by . USU ? thC preSent 25 degreeofimportanceofeachline segment further comprLs 
invention, even if the number of vertices is reduced to 36% assigning a line segment a degree of importance in direct 
or zi.o/0 ot the original model, the hierarchical approxi- proportion to the amount of volume change caused by 
mated model can be obtained without losing the general removal of that line segment. 

shape which the original model has. ~ " 5. The method of claim 1, wherein said evaluating a 

Although the case where the texture image is adhered to 30 degree of importance of each line segment is performed 
the polygon model has been described above, the invention using a vector (E) which represents a particular line 
can be also obviously applied to the case where the texture segment, an area (A) of a polygon within said polygonal 
image is not adhered. In this case, step S6 can be omitted in framework wherein said particular line segment is a side of 
the flowchart shown in FIG. 1 mentioned above. said polygon, and a vector (N) normal to a plane of said 

As described above, according to the invention, when 35 polygon, 
image data (texture) is adhered to geometric data such as 6. The method of claim 5, 

polygon data which is used in the CG, the model can be wherein said evaluating a degree of importance of each 
approximated to a desired degree of details while preventing line segment further comprises calculating an impor- 

the breakage of the texture shape or an apparent deteriora- tance of a particular line segment by (NE)xA, 

lion of the quality. 40 w h ere in E is said vector representing a particular line 

According to the invention, therefore, there is an effect segment, A is said area of a polygon sided by said 

such that the geometric model which is used in the CG can particular line segment, and N is said normal vector 

be approximated in a state in which the texture is adhered. 7. The method of claim 1, wherein said evaluating a 
There is also an effect such that not only is the model degree of importance of each line segment is performed 
approximated but also the breakage of the appearance of the 45 based on an amount by which an area of said polygonal 
texture in the approximation result can be suppressed. framework defined by said image data is changed by 

By using the geometric model approximated by the removal of a particular line segment 
method based on the invention, in the drawing of the CG, 8. The method of claim 7, wherein said evaluating a 
there is an effect such that a request for drawing of at a high degree of importance of each line segment further comprises 
speed and at a high picture quality can both be satisfied. 50 assigning a degree of importance to a particular line segment 

Further, according to the invention, an importance degree in direct proportion to said amount by which said area of 
of each edge constructing the geometric model which is used said polygonal framework is changed by removal of that line 
lor the CG can be evaluated by an evaluation value. There segment. 

is an effect such that the geometric model can be approxi- 9. The method of claim 1, wherein said evaluating a 

mated by preferentially removing the edge of a low evalu- 55 degree of importance of each line segment is performed 
ation value of the edge. based on a length of a particular line segment and an area of 

According to the invention, the position of the vertex a polygon within said polygonal framework of which said 
remaining after the edge was removed can be determined so particular line segment is a side 

as to suppress a change in general shape. Thus, there is an 10. The method of claim 9, wherein said evaluating a 
effect such that a feeling of disorder upon looking when 60 degree of importance of each line segment further comprises 
drawing by using the approximated model can be sup- calculating a sum of results of an equation |E|xA for poly- 
PrC A ' j ■ . ■ • Sons sided by said particular line segment, wherein "lEl" is 

According to the invention, figure data which is used in length of that line segment, "A" is an area of a polygon sided 
the CG can be approximated by a plurality of resolutions. by said particular line segment. 

There is an effect such that by using the figure data derived 65 11. The method of claim 1, wherein said evaluating a 
by the invention, both of the goals of drawing at a high speed degree of importance of each line segment is performed 
and drawing with a high quality can be satisfied. based on a length of said line segments 



US 6,396,952 Bl 

15 16 

12. The method of claim 11, wherein said evaluating a 25. The method of claim 1, further comprising reconfig- 
degree of importance of said line segments further com- uring a texture applied to said framework to account for said 
pnses assigning a degree of importance to each line segment removing of said unnecessary line segment 

in direct proportion to a length of that line segment. 26. The method of claim 1, wherein said evaluation of a 

13. Ine method of claim 1, wherein if two or more line 5 degree of importance of each line segment is based in part 
segments are assigned an identical degree of importance, on an evaluation of the degree of importance of line seg- 
said method further comprises assigning a lowest degree of ments contiguous to a particular line segment being evalu- 
lmportance among said two or more line segments to that ated. 

line segment of said two or more line segments with a 27. The method of claim 1, further comprising reconfig- 

ii e ™ g u ^ r , • 10 uring Mid framewor k after said unnecessary line segment 

14. 1 ne method of claim 1, further comprising repeating has been removed by placing a new vertex at said position 
said steps of evaluating a degree of importance of each line identified in said step of determining a position of a vertex 
segment; removing an unnecessary line segment; and deter- 28. The method of claim 27, wherein said reconfiguring 
mining a position of a vertex after said unnecessary line comprises using said new vertex to replace a previous vertex 
segment is removed 15 located at an end of said unnecessary, removed line segment. 

15. The method of claim 1, wherein said evaluating a 29. The method of claim 1, wherein said evaluating a 
degree of importance of each line segment is performed degree of said line segment is performed on the basis of a 
based on an amount by which an amount of said image data removal importance value of the line segment obtained from 
is changed by removal of a particular line segment. a change amount of said image data caused by the removing 

16. The method of claim 1, wherein said evaluating a 20 of said line segment and on the basis of an assigned 
degree of importance of each line segment is performed importance value of the line segment assigned by a user 
based on importance values assigned by a user to one or 30. The method of claim 29, wherein said evaluating a 
more of said line segments. degree of importance of the line segment decides that the 

17. The method of claim 16, further comprising specify- degree of importance of said line segment is small, if said 
ing one or more of said line segments as of high importance, 25 removal importance value and said assigned importance 
wherein said evaluating a degree of importance of each line value are both small. 

segment further comprises preventing said one or more high 31. The method of claim 29, wherein said assigned 

importance line segments from being designated as said importance value is a removing order of said line segments 

unnecessary line segment. 32. The method of claim 17, wherein said specifying the 

18. 1 he method of claim 1, wherein said determining a 30 at least one line segment as of high importance is performed 
position of a vertex after said unnecessary line segment is by a user. 

removed comprises positioning said vertex at said position 33. The method of claim 17, wherein said specifying the 

such that a total loss of area between a framework including at least one line segment as of high importance specifies a 

said unnecessary line segment and a framework in which portion where more than two image data are adjacent 

said unnecessary line segment is removed is minimized. 35 34. The method of claim 18, wherein when the shape of 

19. The method of claim 1, wherein said determining a the portion that includes said unnecessary line segment is a 
position of a vertex after said unnecessary line segment is concave or convex shape, said vertex is positioned where 
removed comprises positioning a vertex at a position such said total loss of area is minimized. 

that a loss of area to said framework caused by removal of 35. The method of claim 19, wherein when the shape of 

said unnecessary line segment is approximately equal for 40 the portion where said unnecessary line segment is a 

P0 ?n° n 4° f Said framework on °PP° site s ^es of said vertex. S-character shape, said vertex is arranged at a position where 

20. The method of claim 1, wherein said determining a a loss of area between said original framework and said 
position of a vertex after said unnecessary line segment is reconfigured framework is equal on both sides of said 
removed comprises positioning said vertex at a position vertex. 

corresponding to an end of said removed unnecessary line 45 36. The method of claim 1, wherein said determining a 

SC ^ me ^I' , . . , . t _ position of said vertex determines the vertex at a position of 

21. 1 ne method of claim 1, further comprising, generating one of the vertices of the removal line segment 

an intermediate configuration of said image data by decreas- 37. The method of claim 1, further comprising, generating 

ing a length of said unnecessary lme segment prior to said an intermediate configuration of said image data by decreas- 

step of removing said unnecessary line segment. 50 ing a length of said unnecessary line segment. 

22. The method of claim 1, further comprising, generating 38. The method of claim 1, further comprising, generating 
an intermediate polygonal framework between an original a framework at an intermediate layer between an original 
framework including said unnecessary line segment and a framework which is the polygonal framework before said 
new framework with said unnecessary line segment unnecessary line segment is removed and a reconfigured 
rem ? v ^ , . _ , . ^ 55 framework which is the polygonal framework after said 

Z3. 1 ne method of claim 22, wherein said generating an unnecessary line segment is removed by determining a 

intermediate framework comprises locating a vertex an a position of vertices in the intermediate layer on the basis of 

position intermediate to a vertex position in said original the relation of the position of said vertices between said 

framework and a vertex position determined in said step of original framework and said reconfigured framework 

determining a position of a vertex after said unnecessary line 60 39. The method of claim 38, said position of said vertices 

segment is removed. al said intermediate layer is determined by the interpolation 

24. The method of claim 23, wherein said locating a of said position of said vertices in said original framework 

vertex at an intermediate position comprises using a linear and said reconfigured framework. 

interpolation on said vertex position in said original frame- 40. The method of claim 39, said interpolation is a linear 

work and said vertex position determined in said step of 65 interpolation. 

determining a position of a vertex after said unnecessary line 41. The method of claim 1, wherein said removing of said 

segment is removed. unnecessary line segment removes either one of two vertices 
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constructing the unnecessary line segment; and wherein said 51. The method of claim 42, wherein said evaluating a 

determining of a position of said vertex determines the shift degree of importance of each line segment is performed by 

amount of the vertex which is constructing the unnecessary evaluating an amount by which a volume of the polygonal 

line segment and not removed on said removing of said framework defined by the image data is changed by removal 

unnecessary line segment. 5 of a particular line segment. 

42. A method of approximating an image by decreasing an 52. The method of claim 51, wherein said evaluating a 
amount of image data used to create the image, wherein said degree of importance of each line segment further comprises 
image data defines a polygonal framework formed of poly- assigning a line segment a degree of importance in direct 
gons to which textures or pictures are applied, said polygons proportion to the amount of volume change caused by 
of said framework being composed of line segments con- to removal of that line segment. 

nected between vertices, said method comprising- ^ c metnod °f claim 42, wherein said evaluating a 

e tr^to 8, * otinpot, " 0 "° ,c * ch,i -" 8 ™"' 0 ' X'JTTT^JSSrjBi'S 

segment, an area (A) of a polygon within said polygonal 
removing an unnecessary line segment identified by said framework wherein said particular line segment is a side of 

step of evaluating a degree of importance of each line 15 said polygon, and a vector (N) normal to a plane of said 

segment; polygon, 
reconfiguring said framework to account for said removal 54 ^ e metnod of claim 53, 

of said line segment; and wherein said evaluating a degree of importance of each 

reconfiguring said textures or pictures applied to said „ n hne ^g^ 01 further comprises calculating an impor- 

framework to account for said removal of said line ^ ° f a V^™ 1 ™ line se S ment b Y (N E)xA, 

segment. wherein E is said vector representing a particular line 

43. The method of claim 42, wherein said reconfiguring segment, A is said area of a polygon sided by said 
the textures or pictures applied to the framework is pre- «^ ^ment and N is said normal vector, 
formed altering an association between a vertex of said „ H f?J ^ meth ° d ° f d f m ^.wherein s ai d evaluating a 
unnecessary line segment and any of said textures or pic- 25 ft? ° f im P ortanc ; e K of ™\ hne se &™nt is performed 
mres J y based on an amount by which an area of said polygonal 

44*. The method of claim 42, wherein- framework defined by said image data is changed by 

c f ... f . removal of a particular line segment, 

saic i reconfiguring 5 of said framework comprises replacing 56. The method of claim 55, wherein said evaluating a 

ot^v ' 0 r h i Ch u Said 30 ^^fimportanceofeachl^segmentfurthercomprles 

cnZcttl IV! f ? gme ", 1 bee ° Wng a degree ofimportance to a particular Imese^ent 

connected, with a single new vertex; and m direct proportion t0 said amoum £ y which said ^ Qf 

said reconfiguring the textures or pictures applied to the said polygonal framework is changed by removal of that line 

framework comprises determining a new position on segment. 

said textures or pictures corresponding to a position of 35 57. The method of claim 42, wherein said evaluating a 

said single new vertex in said framework. degree of importance of each line segment is performed 

45. The method of claim 44, wherein said reconfiguring of based on a length of a particular line segment and an area of 
said textures or pictures applied to the framework comprises a polygon within said polygonal framework of which said 
determining said new position by interpolation between two particular line segment is a side. 

points on the textures or pictures which correspond to the 40 58. The method of claim 57, wherein said evaluating a 

unnecessary line segment. degree of importance of each line segment further comprises 

46. Hie method of claim 45, wherein said interpolation is calculating a sum of results of an equation |E|xA for poly- 
a linearinterpolation. gons sided by said particular line segm ent, wherein "|E|" is 

47. The method of claim 42, wherein said evaluating a length of that line segment, "A" is an area of a polygon sided 
degree of importance of each line segment of said frame- 45 by said particular line segment. 

work further comprises preventing any line segment existing 59. The method of claim 42, wherein said evaluating a 

on an outline of any of said textures or pictures from being degree of importance of each fine segment is performed 

designated as said unnecessary line segment. based on a length of said line segments. 

48. The method of claim 42, wherein said evaluating a 60. The method of claim 59, wherein said evaluating a 
degree of importance of each line segment of said frame- 50 degree of importance of said line segments further corn- 
work further comprises preventing any line segment, which prises assigning a degree of importance to each line segment 
exists on an outline of any of said textures or pictures from in direct proportion to a length of that line segment 
being designated as said unnecessary line segment if a 61. The method of claim 42, wherein if two or more line 
change in an area of said texture or picture resulting from segments are assigned an identical degree of importance 
rem ° v !!. of that segment exceeds a predetermined value. 55 said method further comprises assigning a lowest degree of 

49. The method of claim 48, wherein said area change importance among said two or more line segments to that 
amount after the line segment removal is obtained on the line segment of said two or more line segments with a 
basis of a calculation of sum of results of an equation shortest length. 

|(N E)xL| at line segments corresponding to the boundary 62. The method of claim 42, further comprising repeating 

fines of the texture or picture existing before and after the 60 said steps of evaluating a degree of importance of each line 

line segment to be removed, wherein "E" is representing that segment; removing an unnecessary line segment; reconfig- 

line segment, "L" is a length of line segment corresponding uring said framework; and reconfiguring said textures or 

to the boundary lines of the texture or picture, "N" is a pictures. 

normaWector of said line segments, is a inner product, 63. The method of claim 42, wherein said evaluating a 

aD l! X ^ 3 pr ? duct ' 65 degree of importance of each fine segment is performed 

50. llie method of claim 42, wherein said image data based on an amount by which an amount of said image data 
defines a 3-dimensional polygonal framework. is changed by removal of a particular line segment 



US 6,396,952 Bl 

19 20 

64. The method of claim 42, wherein said evaluating a defines a polygonal framework, said framework being corn- 
degree ot importance of each line segment is performed posed of line segments drawn between vertices, said device 
based on importance values assigned by a user to one or comprising: 

more of said line segments. a memory unit for storing said image data; and 

65. The method of claim 64, further comprising specify- 5 a processor connected to said memory unit, wherein said 
ing one or more of said line segments as of high importance, processor is programmed to: 

wherein said evaluating a degree of importance of each line (a) assign an importance value to each line segment of 

segment further comprises preventing said one or more high said framework; 

importance line segments from being designated as said (b) remove from said framework that line segment 

unnecessary line segment. 10 having a lowest importance value; and 

66. The method of claim 42, wherein said reconfiguring ( c ) reconfigure said framework to account for said 
said framework comprises positioning a vertex at a position removal of said line segment having said lowest 
such that a total loss of area between a framework including importance value. 

said unnecessary line and a framework in which said unnec- 7 ?" T1 ? e apparatus of claim 77, further comprising an input 
essary line segment is removed is minimized 15 device inputting said image data to said processor for 

67. The method of claim 42, wherein said reconfiguring S ^o 8 ™ ° Said memor y unil - 

said framework comprises positioning a vertex at a position apparatus of claim 78, wherein said input device 

such that a loss of area to said framework caused by removal Tn^* * ^ ^ u ■ 

of said unnecessary line segment is approximately equal for * ' ^ a PP aratus of clau ? ] 8 > ^ertw said in P* device 

portionsofsaidframeworkonoppositLidesof said vertex 20 C °T^ * m ^ tXo 'f h ^ d jf fi d ™- 

Th* m *thr,A ~f „i • a*> u ■ * dlu vcncx - 20 si 7jj e apparatus of claim 77, further comprising a user 

68. The method of claim 42, wherein said reconfiguring mput device for mi dala ^ said ^ g 

said framework comprises positioning a new vertex at a 82. The apparatus of claim 81, wherein said user input 

position corresponding to an end of said removed unneces- device comprises a keyboard 

sary hnesegmenL 83. The apparatus of claim 77, wherein said processor is 
W. 1 he method ot claim 42, further comprising, gener- 25 further programmed to reconfigure texture and pictures 

atmg an intermediate configuration of said image data by applied to said framework to account for removal of said line 

decreasing a length of said unnecessary line segment prior to segment. 

said step of removing said unnecessary line segment. 84. The apparatus of claim 77, said processor, in perform- 

70. The method of claim 42, further comprising, gener- ing said reconfiguration of said framework, is programmed 
ating an intermediate polygonal framework between an 30 t0 replace two vertices of said framework, between which 
original framework including said unnecessary line segment said removed line segment had been connected, with a single 
and a new framework with said unnecessary line segment new vertex. 

removed. 85. The apparatus of claim 77, wherein said image data 

71. The method of claim 70, wherein said generating an defines a 3-dimensional polygonal framework, 
intermediate framework comprises locating a vertex an a 35 86. The apparatus of claim 77, said processor, in perform- 
position intermediate to a vertex position in said original ing said assignment of importance values, is programmed to 
framework and a vertex position determined in said step of evaluating an amount by which a volume of the polygonal 
determining a position of a vertex after said unnecessary line framework defined by the image data is changed by removal 
segment is removed. of a particular line segment. 

72. The method of claim 71, wherein said locating a 40 87. The apparatus of claim 86, said processor, in perform- 
vertex at an intermediate position comprises using a linear ing said assignment of importance values, is programmed to 
interpolation on said vertex position in said original frame- assign a line segment an importance value in direct propor- 
work and said vertex position determined in said step of lion to the amount of volume change caused by removal of 
determining a position of a vertex after said unnecessary line that line segment. 

segment is removed. 45 88, The apparatus of claim 77, said processor, in perform- 

73. The method of claim 42, wherein said evaluating a ing said assignment of importance values, is programmed to 
degree of importance of each line segment is based in part use a vector (E) which represents a particular line segment, 
on an evaluation of a degree of importance of line segments an area (A) of a polygon within said polygonal framework^ 
contiguous to a particular line segment being evaluated. wherein said particular line segment is a side of said 

74. The method of claim 42, wherein said reconfiguring 50 polygon, and a vector (N) normal to a plane of said polygon, 
said framework comprises using a new vertex to replace a 89. The apparatus of claim 88, 

previous vertex located at an end of said unnecessary, wherein said processor assigns an importance value to 

removed line segment. each line segment by calculating an importance of a 

75. The method of claim 42, wherein said reconfiguring particular line segment by (N E)xA, 

said textures or pictures applied to said framework decides 55 wherein E is said vector representing a particular line 

a new position of the corresponding point on said textures or segment, A is said area of a polygon sided by said 

pictures where an area change amount of said textures or particular line segment, and N is said normal vector 

pictures to be influenced by the approximation lies within a 90. The apparatus of claim 77, said processor, in perform- 

predet f! mmed fange ' m & said assi gnment of importance values, is programmed to 

76. The apparatus of claim 44, wherein said reconfiguring 60 determine an amount by which an area of said polygonal 
of said textures or pictures applied to the framework com- framework defined by said image data is changed by 
prises determining said new position by interpolation removal of a particular line segment. 

between two points on the textures or pictures which cor- 91. The apparatus of claim 90, wherein said processor 

respond to the unnecessary line segment. assigns an importance value to a particular line segment in 

77. An apparatus for use with a display device that 65 direct proportion to said amount by which said area of said 
approximates an image by decreasing an amount of image polygonal framework is changed by removal of that line 
dala used to create the image, wherein said image dala segment. 
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n erW^n„ aPP H ramS ° f claim r 77 ' wherein said Processor, in assigning an importance value to each line segment of 
performing said assignment of importance values, assigns an said framework- ^Sjuieni or 

said polygonal framework of wh ch said particular line < r ^«fi m .«- p 7 

segment is a side ^ 5 reconfiguring said framework to account for said removal 

93. The apparatus of claim 77, wherein said processor ^al^ ^ l ° WeSt importance 
assigns an importance value to each line segment by calcu- in* Th* r^h,^ f i ■ mc u • 

lating a sum of results of an equation |E|xA for polygons fi meth0d ot . dam3 105> wherein S / ld rec0D figunng 

sided by said particular line segment, wherein «S» fa kSh u ""TT ^ 1Dg ^ Ve ' tlCCS ° f Said ^ m ™°* k > 

of that line segment, "A" is an area of a polygon sided by 10 betwee ° wh ! c u h said removed line segment had been 

said particular line segment. connected, with a single new vertex. 

94. The apparatus of claim 77, wherein said processor, in , J 07 ' ^ method of claim 105, wherein said image data 
performing said assignment of importance values, is pro- defines a 3-dimensional polygonal framework, 
grammed to assign an importance value to each line segment . 108 The melnod °f c,aim l ft5 > wherein said assigning an 
based on a length of said line segments. 15 importance value to each line segment is performed by 

95. The apparatus of claim 77, wherein said processor evaluating an amount by which a volume of the polygonal 
assigns an importance value to each line segment in direct framework defined by the image data is changed by removal 
proportion to a length of that line segment. of a particular line segment. 

96. The apparatus of claim 77, wherein if two or more line 10 $. The method of claim 108, wherein said assigning an 
segments are assigned an identical degree of importance, 20 importance value to each line segment further comprises 
said processor assigns a lowest degree of importance among assigning a line segment an importance value in direct 
said two or more line segments to that line segment of said proportion to the amount of volume change caused by 
two or more line segments with a shortest length. removal of that line segment. 

97. The apparatus of claim 77, wherein said processor is HO. The method of claim 105, wherein said assigning an 
further programmed to repeat said assignment of an impor- 25 importance value to each line segment is performed using a 
tance value to each line segment; said removal of that line vector (E) which represents a particular line segment, an 
segment with the lowest importance value; and said recon- area (A) of a polygon within said polygonal framework, 
figuration said framework. wherein said particular line segment Is a side of said 

98. The apparatus of claim 77, wherein said processor is polygon, and a vector (N) normal to a plane of said polygon, 
programmed to assign an importance value to each line 30 HI. The method of claim 110, 

segment based on an amount by which an amount of said wherein said assigning an importance value to each line 

image data is changed by removal of a particular line segment further comprises calculating an importance of 

^Sment. a particular line segment by (NE)xA, 

99. The apparatus of claim 77, wherein said processor is wherein E is said vector representing a particular line 
programmed to assign an importance value to each line 35 segment, A is said area of a polygon sided by said 
segment based on importance values assigned by a user to particular line segment, and N is said normal vector 

° n in°n ?hT Sai , f T? m nT' u • • , 112 ^ method of claim 105 > wherein said signing an 

100. The apparatus of claim 77, wherein said processor is importance value to each line segment is performed baked 
programmed to reconfigure said framework by positioning a on an amount by which an area of said polygonal framework 
new vertex at a position such that a total loss of area between 40 defined by said image data is changed by removal of a 
a framework including said line segment having said lowest particular line segment 

importance value and a framework containing said new 113. The method of claim 112, wherein said assigning an 

vertex and in which said lowest -importance -value line seg- importance value to each line segment further comprises 

ment is removed is minimized^ assigning an imponm!t value l0 a particular Une ^ {n 

101. The apparatus of claim 77, wherein said processor is 45 direct proportion to said amount by which said area of said 
programmed to reconfigure said framework by positioning a polygonal framework is changed by removal of that line 
new vertex at a position such that a loss of area to said segment. 

framework caused by removal of said lowest-importance- 114. Tne method of claim 105, wherein said assigning an 

value fine segment is approximately equal for portions of importance value to each line segment is performed btscd 

S l r ork on °PP r 0S i te sides of said new ve "ex. 50 on a length of a particular line segment and an area of a 

102. The apparatus ofclaim 77, wherein said processor is polygon within said polygonal framework of which said 
programmed to reconfigure said framework by positioning a particular fine segment is a side 

vertex at a posUion corresponding to an end of said removed 115. The method of claim 114, wherein said assigning an 

bwest-uriportance-value line segment. importance value to each line segment further comprises 

103. The apparatus ofclaim 77, wherein said processor is 55 calculating a sum of results of an equation |E|xA for poly- 
programmed to generate an intermediate configuration of gons sided by said particular line segment, wherein "|E|" is 
said image data by decreasing a length of said lowest- lengthof that line segment, "A" is an area of a polygon sided 
importance-value line segment. by said particular line m> *° yg 

104. The apparatus of claim 77, wherein said processor is 116. The method of claim 105, wherein said assigning an 
programmed to reconfigure said framework by generating a 60 importance value to each line segment is performed btscd 
new vertex to replace a previous vertex located at an end of on a length of said line segments 

said removed lowest-importance-value line segment. 117. The method of claim 116, wherein said assigning an 

1U5. A method of approximating an image by decreasing importance value to each of said line segments further 

an amount of image data used to create the image, wherein comprises assigning an importance value to each line seg- 

said image data defines a polygonal framework, said frame- 65 ment in direct proportion to a length of that line segment 

work being composed of line segments drawn between 118. The method of claim 105, wherein if two or more line 

vertices, said method comprising: segments are assigned an identical degree of importance 
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said method further comprises assigning a lowest degree of 133. The method of claim 105, wherein said assigning an 

importance among said two or more line segments to that importance value to each line segment comprises deciding 

shortetnenath ^ " ^ ^ ^ * the de8ree ° f im P° rlaQce of ™* Hue segment is small 

110 T^l^k^^f i • irte a _u ■ • as said change amount of said volume is small. 

119. The method of claim 105, further comprising repeat- 5 134 The methnH nf in* * ^ • • 

ing said steps of assigning an importance value to each line J^' JJ? Z^t hT ' ? 3 T 1 " 8 u° 

segment; removing that line segment with the lowest impor- Z^^f ™ h' u * rformed 0n lhe 

tance value; and reconfiguring said framework ***** °J a ^ ? hlch 15 re P reseotlQ g said line segment, an 

120. The method of claim 105, wherein said assigning an ? rca ° f 3 P i ane ° f Said ima r ge dala which * com P°sed by at 
importance value to each line segment is performed based iCaSt one 0 fsaxd verllces of said Une segment, and a normal 
on an amount by which an amount of said image data is 10 VeCtor at said plaae< 

changed by removal of a particular line segment. ^ e method of claim 105, wherein said assigning an 

121. The method of claim 105, wherein said assigning an importance value to each line segment is performed on the 
importance value to each line segment is performed based bas ^ °^ a cnan ge amount of area of the image specified by 
on importance values assigned by a user to one or more of sa ^ image data when said line segment is removed. 

said line segments. 15 136. The method of claim 135, wherein said assigning an 

122. The method of claim 121, further comprising speci- importance value to each line segment comprises deciding 
fying one or more of said line segments as of high that the degree of importance of said line segment is small 
importance, wherein assigning an importance value to each as said change amount of said area is small. 

line segment further comprises preventing said one or more 137. The method of claim 105, wherein said assigning an 

high importance line segments from being removed. 20 importance value to each line segment comprises deciding 

123. The method of claim 105, wherein said reconfiguring that the degree of importance of said line segment is small 
comprises positioning a new vertex at a position such that a as said length of said line segment is short. 
^I 0 nfhfv a n ea hT 611 f frame 7° rk iD ? ! udin S sa i d line 138. The method of claim 105, wherein when twoormore 

'nuance vahie and a frame- e dges are assigned an identical degree of importance, a 

work comprising said new vertex and in which said lowest- ch^rtpct w cJ„™„t ~f , ,4 r \ im|*»uujwc f a 

importance-value line segment is removed is minimized. 25 h po 1 8 f i ^T 8 *" 

124. The method of claim 105, wherein said reconfiguring ^T^ l i importance is said unnecessary edge, 
comprises positioning a vertex at a position such that a loss . 13 u ™ C m ? ih0< ! ° f Q }* m 105> further com P nsin g re P eat " 
of area to said framework caused by removal of said in S tne ste P ^ said evaluating a degree of importance of the 
lowest-importance -value line segment is approximately UDe seg me nU me step of said removing said unnecessary line 
equal for portions of said framework on opposite sides of 30 segment, and the step of said determining said position of 
said vertex. said vertex after said unnecessary line segment is removed. 

125. The method of claim 105, wherein said reconfiguring *40- Th e me mod of claim 105, wherein said evaluating a 
comprises positioning a vertex at a position corresponding to degree of said line segment is performed on the basis of a 
an end of said removed lowest- importance -value line seg- removal importance value of the line segment obtained from 
ment. 35 a change amount of said image data caused by the removing 

126. The method of claim 105, further comprising, gen- of said line segment and on the basis of an assigned 
erating an intermediate configuration of said image data by importance value of the line segment assigned by a user, 
decreasing a length of said lowest-importance-value line 141. The method of claim 140, wherein said evaluating a 
segment prior to said step of removing said lowest- degree of importance of the line segment decides that the 
importance-value line segment. 40 degree of importance of said line segment is small, if said 

127. The method of claim 105, further comprising, gen- removal importance value and said assigned importance 
erating an intermediate polygonal framework between an value are both small. 

original framework including said lowest- importance-value 142. The method of claim 140, wherein said assigned 

line segment and a new reconfigured framework with said importance value is a removing order of said line segments 

lowest-importance-value line segment removed. 45 143. The method of claim 105, further comprising speci- 

128. The method of claim 127, wherein said generating an fying at least one said line segment as of high importance, 
intermediate framework comprises locating a vertex an a wherein said evaluating a degree of importance of said at 
position intermediate to a vertex position in said original least one line segment further comprises preventing said at 
framework and a new vertex position determined in said step least one high importance line segment from being desig- 
of reconfiguring. 50 nated as said unnecessary line segment. 

129. The method of claim 128, wherein said locating a 144. The method of claim 143, wherein said specifying 
vertex at an intermediate position comprises using a linear the at least one line segment as of high importance is 
interpolation on said vertex position in said original frame- performed by a user. 

work and said new vertex position determined in said step of 145. The method of claim 143, wherein said specifying 

recon ^^[ 1Dg ' 55 the at least one line segment as of high importance specifies 

130. The method of claim 105, further comprising recon- a portion where more than two image data are adjacent, 
figuring a texture applied to said framework to account for 146. The method of claim 105, wherein said vertex is 
said removing of said lowest-importance-value line seg- decided at a position where a total loss of area between the 
mcot - original framework which is the framework before line 

131. The method of claim 105, wherein said assigning an 60 segment removing and the reconfigured framework which is 
importance value to each line segment is done in accordance the framework after said line segment removing is mini- 
with an assigned importance value of line segments con- mized. 

tiguous to a particular line segment being evaluated. 147. The method of claim 146, wherein when the shape of 

132. The method of claim 105, wherein said reconfiguring the portion where said removal line segment is a concave or 
comprises using a new vertex to replace a previous vertex 65 convex shape, said vertex is decided at a position where a 
located at an end of said removed, lowest-importance-value total loss of area between said original framework and said 
line segment. reconfigured framework is minimized. 



US 6,396,952 Bl 
25 26 

H JfL 1 ?, 6 m6th v ° f C i ata 10 , 5, Wh ! rein Said vertex is usin S a vec,or (E) which represents a particular line 

nwf^ ? P ° S v 00 K Wh u re \ loS f ° f arM betWeeD 11,6 ^S^ 1 "' an area W ° f a P°lygon within L« SkotS 

original framework which is the framework before line framework wherein said pardculfr line segment is a skle of 

segment removing and the reconfigured framework which is said polygon, and a vector (N) norma] to a n ane o said 

the framework after line segment removing is equal on both 5 polygon P 

Sld 1 e ! 0 0f J aid Ve " c *- f , . tAO The apparatus of claim 160, 

J^nX f a n- Wherdn WheD o C ShapC ° f WDereiD said eva ' ua 'ing * degree of importance of each 

the portion where said removal line segment is a S-character line segment further comprises calculating an irapor- 

shape, said vertex is arranged at a position where a loss of tance of a particular line segment by (N E)xA 

area between said original framework and said reconfigured ,„ wherein E is said vector representing a particular line 

framework is equal on both sides of said vertex. segment, A is said area of a polygon sided by said 

150. The method of claim 105, wherein said determining particular line segment, and N is said normal vector 

a position of said vertex determines the vertex at a position 162. The apparatus of claim 156, wherein said evaluating 

of one of the vertices of the removal line segment. a degree of importance of each line segment is performed 

151. The method of claim 105, further comprising, gen- 15 ba sed 00 an amount by which an area of said polygonal 
erating an intermediate configuration of said image data by framework defined by said image data is changed by 
decreasing a length of said unnecessary line segment. removal of a particular line segment. 

152. The method of claim 105, further comprising, gen- 163 ^ e apparatus of claim 162, wherein said evaluating 
erating an framework at intermediate layer between said a de gree of importance of each line segment further corn- 
original framework which is the framework before line 2 n PliXS a degree of importance to a particular line 
segment removing and said reconfigured framework which se g me f ,t ln direct proportion to said amount by which said 
is the framework after line segment removing by determin- fff ,° f Said P 0 ^ 0 ™ 1 framework is changed by removal of 
ing a position of vertices in the intermediate layer on the iiif^!^!"!'., f , • u • 

basis of the relation of vertices position between said a itij^ apparatus of c I a,ra l". wherem said evaluating 

original framework and said reconfigured framework. 25 ? °. eacb >™ segment * Performed 

153. The method of claim 105, further comprising recon- ^ ^ of a P ar lcular ™ segment and an area of 
figuring a texture applied to said framework toTJunUor l^Xr^ ™ V ^ f ° f WhiCh ^ 
said removing of said unnecessary line segment. P « ^ f , • , , 

154. The method of claim 105, wherein said evaluation of a PP , l\* ' eVa ' Uating 
degree of importance of the line igmen. is perforate on the m n ' tfZx ^ of f eacb , lme f se S ment com " 
basis of an evaluation value of said line segment and *° fJZ.t^ sum , of resul f 0 , an IEM for 
evaluation values of peripheral line segments. & b /, h Sa / d . particular '"foment, wherein 

155. The method of claim 105, wherein said removing of „5j f n W h ° f lmt . S * g T Dl ' A 15 30 ™ ° f 4 
unnecessarylinesegmentremovesei.beroneof twTvenLs P I ^"'v. , • 
constructing the unnecessary line segment; and „ . ii^w PP J*™ I 5 , 6 ' WhCT ™ Si " d evaluatin g 

™iH rfpiLinino „ f . ' v f ' , . 35 a degree of importance of each line segment is performed 
LtZ f A I pOS,,10D ° f ver,ex determines based on a length of said line segments 

TZc , Ver,CX ^ 15 oonstructm g lhe 167. The apparatus of claim 166, wherein said evaluating 
ZoZ Z Xgmt V nd 001 rem ° Ved ° n S3id a de & ree of imporlance of «*» <^ segments further com* 

156 An LI LamTrTn • v P ™ S ""^ a degree °f importance to each line segment 

derrtL? T ! fo r approximating™ ,mage by 40 in direct proportion to a length of that line segment 

g h 1 lmag ; da, , a r d l ° CrcatC ^ 168 ^ of claim 156, wherein if two or more 

mage, wherein said image data defines a polygonal ljne segments are assigned an identical degree of 

framework, said framework being composed of line seg- importance, said processing apparatus assigns a Tw« 

ments drawn between vertices, said apparatus comprising: degree 0 f importance among said two or more line segment 

a processing apparatus for: 45 to that i ine segment of said two or more line segments with 

evaluating a degree of importance of each fine segment a shortest length. 

of said framework; 169 ^ apparatus of claim 156 wherejn said cessi 

removing at least one unnecessary line segment from apparatus repeats said evaluating a degree of importance of 

said framework which is identified based on said each line segment; said removing an unnecessary line seg- 

evaluation of said degree of importance of each line 50 ment; and said determining a position of a vertex after said 

segment; and unnecessary line segment is removed, 

determining a position of a vertex after said unneces- 170. The apparatus of claim 156, wherein said evaluating 

sary line segment is removed. a degree of importance of each line segment is performed 

157. The apparatus of claim 156, wherein said image data based on an amount by which an amount of said image data 
defies a 3-dimensional polygonal framework. 55 is changed by removal of a particular line segment 

158. The apparatus of claim 156, wherein said evaluating 171. The apparatus of claim 156, wherein said evaluating 
a degree of importance of each line segment is performed by a degree of importance of each line segment is performed 
evaluating an amount by which a volume of the polygonal based on importance values assigned by a user to one or 
framework defined by the image data is changed by removal more of said line segments 

of a particular line segment. 60 172. The apparatus of claim 171, said processing appa- 

159. The apparatus of claim 158, wherein said evaluating ratus specifies one or more of said line segments as of high 
a degree of importance of each line segment further com- importance, wherein said evaluating a degree of importance 
pnses assigning a line segment a degree of importance in of each line segment further comprises preventing said one 
direct proportion to the amount of volume change caused by or more high importance line segments from being desig- 
rem ?n a l? Ilne x ^ at - 65 nated as said unnecessary line segment. 

160. The apparatus of claim 156, wherein said evaluating 173. The apparatus of claim 156, wherein said determin- 
a degree of importance of each line segment is performed ing a position of a vertex after said unnecessary line segment 
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is removed comprises positioning said vertex at said position reconfiguring said textures or pictures applied to said 

such that a total loss of area between a framework including framework to account for said removal of said line 

said unnecessary line segment and a framework in which segment. 

Sai i d ^ n ^° eSSary Hne ^ment is removed is minimized. 185. The apparatus of claim 184, wherein said reconfig- 

174. The apparatus of claim 156, wherein said determin- 5 uring the textures or pictures applied to the framework is 

ing a position of a vertex after said unnecessary line segment preformed altering an association between a vertex of said 

is removed comprises positioning a vertex at a position such unnecessary line segment and any of said textures or pic- 
that a loss of area to said framework caused by removal of tures. 

said unnecessary line segment is approximately equal for 186. The apparatus of claim 184 wherein- 

'^iS^^S.™ °i«° Site K ^ 0f '•?!? VertCX - « reconfiguring of said framework comprises replacing 

- ~ f r d fra d T ork ' beiwLn rf ^ 

is removed comprises positioning said venex at a potion ^ Zh f ^ h ' d bCCD 

corresponding to an end of said removed unnecessary line connected, with a single new vertex; and 

segment. said reconfiguring the textures or pictures applied to the 

176. The apparatus of claim 156, said processing appa- 15 framework comprises determining a new position on 
ratus generates an intermediate configuration of said image ^ texture s or pictures corresponding to a position of 
data by decreasing a length of said unnecessary line segment single new vertex in said framework. 

prior to said step of removing said unnecessary line segment. 187- The apparatus of claim 186, wherein said interpola- 

177. The apparatus of claim 156, said processing appa- ^ on k a linear interpolation. 

ratus generates an intermediate polygonal framework 20 188. The apparatus of claim 184, wherein said evaluating 
between an original framework including said unnecessary a degree of importance of each line segment of said frame- 
fine segment and a new framework with said unnecessary work further comprises preventing any line segment existing 
line segment removed. on an outline of any of said textures or pictures from being 

178. The apparatus of claim 177, wherein said generating designated as said unnecessary line segment. 

an intermediate framework comprises locating a vertex an a 2 5 I 89 - The apparatus of claim 184, wherein said evaluating 
position intermediate to a vertex position in said original a degree of importance of each line segment of said frame- 
framework and a vertex position determined in said step of work further comprises preventing any line segment, which 
determining a position of a vertex after said unnecessary line exists on an outline of any of said textures or pictures from 
segment is removed. being designated as said unnecessary line segment if a 

179. The apparatus of claim 178, wherein said locating a 30 change in an area of said texture or picture resulting from 
vertex at an intermediate position comprises using a linear removal of that line segment exceeds a predetermined value, 
interpolation on said vertex position in said original frame- 190. The apparatus of claim 189, wherein said area 
work and said vertex position determined in said determin- change amount after the line segment removal is obtained on 
ing a position of a vertex after said unnecessary line segment the basis of a calculation of sum of results of an equation 
is removed. 35 |(*N E)xL| at line segments corresponding to the boundary 

180. The apparatus of claim 156, said processing appa- lines of the texture or picture existing before and after the 
ratus reconfigures a texture applied to said framework to line segment to be removed, wherein "E" is representing that 
account for said removing of said unnecessary line segment. line segment, "L" is a length of line segment corresponding 

181. The apparatus of claim 156, wherein said evaluation to the boundary lines of the texture or picture, "N" is a 
of a degree of importance of each line segment is based in 40 normal vector of said line segments, "■" is a inner product, 
part on an evaluation of the degree of importance of line and "x" is a product. 

segments contiguous to a particular line segment being 191. The apparatus of claim 184, wherein said image data 

evaluated. defines a 3-dimensional polygonal framework. 

182. The apparatus of claim 156, said processing appa- 192. The apparatus of claim 184, wherein said evaluating 
ratus reconfigures said framework after said unnecessary 45 a degree of importance of each line segment is performed by 
line segment has been removed by placing a new vertex at evaluating an amount by which a volume of the polygonal 
said position identified in said step of determining a position framework defined by the image data is changed by removal 
of a vertex. of a particular line segment. 

183. The apparatus of claim 182, wherein said reconfig- 193. The apparatus of claim 192, wherein said evaluating 
uring comprises using said new vertex to replace a previous 50 a degree of importance of each line segment further corn- 
vertex located at an end of said unnecessary, removed line prises assigning a line segment a degree of importance in 
segment. direct proportion to the amount of volume change caused by 

184. An apparatus for approximating an image by removal of that line segment. 

decreasing an amount of image data used to create the 194. The apparatus of claim 184, wherein said evaluating 

image, wherein said image data defines a polygonal frame- 55 a degree of importance of each line segment is performed 

work formed of polygons to which textures or pictures are using a vector (E) which represents a particular line 

applied, said polygons of said framework being composed segment, an area (A) of a polygon within said polygonal 

of line segments connected between vertices, said apparatus framework wherein said particular line segment is a side of 

comprising: said polygon, and a vector (N) normal to a plane of said 

a processing apparatus for: 60 polygon, 

evaluating a degree of importance of each line segment 195. The apparatus of claim 194, 

of said framework; wherein said evaluating a degree of importance of each 

removing an unnecessary line segment identified by line segment further comprises calculating an impor- 

said step of evaluating a degree of importance of tance of a particular line segment by (N-E)xA, 

each line segment; 65 wherein E is said vector representing a particular line 

reconfiguring said framework to account for said segment, A is said area of a polygon sided by said 

removal of said line segment; and particular line segment, and N is said normal vector. 
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196. The apparatus of claim 184, wherein said evaluating a position corresponding to an end of said removed unnec- 

a degree of importance of each line segment is performed essary line segment amoved unnec 

based on an amount by which an area of said polygonal 210. The apparatus of claim 184, said processing appa- 

tramework defined by said image data is changed by ratus generates an intermediate configuration of said imaee 

removalof a particular line segment. 5 data by decreasing a length of said unnecessary line segment 

1*7. me apparatus of claim 196, wherein said evaluating prior to said step of removing said unnecessary line segment 

a degree of importance of each line segment further com- 211. The apparatus of claim 184, said processing appa- 

pnses assigning a degree of importance to a particular line ratus generates an intermediate polygonal framework 

segment in direct proportion to said amount by which said between an original framework including said unnecessary 

area of said polygonal framework is changed by removal of 10 line segment and a new framework with said unnecessary 

that line segment. line segment removed. 

198. The apparatus of claim 184, wherein said evaluating 212. The apparatus of claim 211, wherein said generating 

a degree of importance of each line segment is performed an intermediate framework comprises locating a vertex an a 

based on a length of a particular line segment and an area of position intermediate to a vertex position in said original 

a polygon within said polygonal framework of which said 15 framework and a vertex position determined in said step of 

particular hne segment is a side. determining a position of a vertex after said unnecessary line 

1 ne apparatus of claim 198, wherein said evaluating segment is removed, 

a degree of importance of each line segment further com- 213. The apparatus of claim 212, wherein said locating a 

prises calculating a sum of results of an equation |E|xA for vertex at an intermediate position comprises using a linear 

polygons sided by said particular line segment, wherein 20 interpolation on said vertex position in said original frame- 

|b| is length of that line segment, "A" is an area of a work and said vertex position determined in said determin- 

™^ lded by Said P artlcular line segment. ing a position of a vertex after said unnecessary line segment 

llie apparatus of claim 184, wherein said evaluating is removed, 

a degree of importance of each line segment is performed 214. The apparatus of claim 184, wherein said evaluating 

based on a length of said line segments. 25 a degree of importance of each line segment is based in part 

201. llie apparatus of claim 200, wherein said evaluating on an evaluation of a degree of importance of line segments 
a degree of importance of said line segments further com- contiguous to a particular line segment being evaluated 
prises assigning a degree of importance to each line segment 215. The apparatus of claim 184, wherein said reconfig- 
m ^ r . ec !P ro P° mon 10 a leQ g th of tha * l^e segment. uring said framework comprises using a new vertex to 

202. The apparatus of claim 184, wherein if two or more 30 replace a previous vertex located at an end of said 
hne segments are assigned an identical degree of unnecessary, removed line segment. 

importance, said processing apparatus assigns a lowest 216, A medium for storing image data for approximating 

degree of importance among said two or more line segments an image by decreasing an amount of said image data used 

to that Ime segment of said two or more line segments with to create the image, wherein said image data defines a 

3 *vT ™ h ' 35 P ol yg° nal framework, said framework being composed of 

llie apparatus of claim 184, said processing appa- line segments drawn between vertices, said medium com- 

ratus repeats said steps of evaluating a degree of importance prising: 

of each line segment; removing an unnecessary line seg- a memory unit for storing said image data, wherein said 

meni; reconfiguring said framework; and reconfiguring said image data stored onto said memory unit are generated 

textures or pictures. 40 by- 

„ H^tJ^f aPPar !! US ° f '"J"™ t*?' Wherei " Said evalua,i "S evaluating a degree of importance of each line segment 

a degree of importance of each hne segment is performed of said framework- 

kTh d , ° n au am0UDt ^ W r biCh anaD ! 0U ? t ° f Sid image da,a remoWn S at leasI °« unnecessary line segment from 

20S ™ y rem ,° Val f 0fa P««™lar hne segment. said framework which is identified based on said 

205. The apparatus of claim 184, wherein said evaluating 45 evaluation of said degree of importance of each line 
a degree of tmportance of each line segment is performed segment- and 

based on importance values assigned by a user to one or determining a position of a vertex after said unneces- 

™™ "dime segments.. sary hne segment is removed. 

206. The apparatus of claim 205, said processing appa- 217. The medium of claim 216, wherein said image data 
ratus specifies one or more of said line segments as of high 50 defines a 3-dimensional polygonal framework 
importance, wherein said evaluating a degree of importance 218. The medium of claim 216, wherein said evaluating 
of each Ime segment partner comprises preventing said one a degree of importance of each line segment is performed by 
or more high importance line segments from being desig- evaluating an amount by which a volume of the polygonal 

207^ """T S T ^JT^ • framework defined by the image data is changed by removal 

207. The apparatus of claim 184, wherein said reconfig- 55 of a particular line segment 

unng said framework comprises positioning a vertex at a 219. The medium of claim 218, wherein said evaluating 

position such that a total loss of area between a framework a degree of importance of each line segment further com- 

mclud.ng sa.d unnecessary hne and a framework in which prises assigning a line segment a degree of importance in 

d ft r^ CeSSary Se , 8I ? em ?/f moved 13 minimized. direct proportion to the amount of volume change caused by 

208. The apparatus of claim 184, wherein said reconfig- 60 removal of that line segment 

unng said framework comprises positioning a vertex at a 220. Tne medium of claim 216, wherein said evaluating 

position such that a loss of area to said framework caused by a degree of importance of each line segment is performed 

removal of said unnecessaiy Ime segment is approximately using a vector (E) which represents a particular line 

equal for portions of said framework on opposite sides of segment, an area (A) of a polygon within said polygonal 

Sai 7nQ e ^' , r i • i«m u • « 65 framework wherein said particular line segment is a side of 

209. The apparatus of chum 184, wherein said reconfig- said polygon, and a vector (N) normal to a plane of said 
unng said framework comprises positioning a new vertex at polygon. 
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221. The medium of claim 220, removed comprises positioning a vertex at a position such 
wherein said evaluating a degree of importance of each that a loss of area to said framework caused by removal of 
line segment further comprises calculating an impor- said unnecessary line segment is approximately equal for 

lance of a particular line segment by (NE)xA, portions of said framework on opposite sides of said vertex 

wherein E is said vector representing a particular line s 235. The medium of claim 216, wherein said determining 

segment, A is said area of a polygon sided by said a position of a vertex after said unnecessary line segment is 

w"™ S T? n1 ' L I Said n °- maI VeCt0r rem ° Ved ™ m P r ^s positioning said vertex at a position 

. H~L^f T ? m 2 3 Wherem eva j ualin S corresponding to an end of said removed unnecessary line 

a degree of importance of each line segment is performed segment. *^<uy mic 

based on an amount by which an area of said polyeonal , n Th* ^ u • 

framework defined by said image data is changed by 10 Jl ? ™f um of claim 216, wherem an intermediate 

removal of a particular line segment S Y confi ^ at ™ of * aid image data is generated by decreasing 

223. Hie medium of claim 222, wherein said evaluating * ^ ° f * aid unnecessar y line P rior t0 sa * d 
a degree of importance of each line segment further com rc ^ing said unnecessary hne segment. 

prises assigning a degree of importance to a particular line 7 1 ° e medium of cla ™ 216, wherem an intermediate 

segment in direct proportion to said amount by which said 15 P ol yS onal framework is generated between an original 

area of said polygonal framework is changed by removal of framework including said unnecessary line segment and a 

that hne segment. new framework with said unnecessary line segment 

224. The medium of claim 216, wherein said evaluating removed. 

a degree of importance of each line segment is performed ^38. The medium of claim 237, wherein said generating 

based on a length of a particular line segment and an area of 20 an intermediate framework comprises locating a vertex an a 

a polygon within said polygonal framework of which said position intermediate to a vertex position in said original 

particular line segment is a side. framework and a vertex position determined in said deter- 

225. The medium of claim 224, wherein said evaluating mining a position of a vertex after said unnecessary line 
a degree of importance of each line segment further com- segment is removed. 

prises calculating a sum of results of an equation |E|xA for 25 239. The medium of claim 238, wherein said locating a 
?l° l |^ 8 ° nS Sided by said .P articular line segment, wherein vertex at an intermediate position comprises using a linear 
"|E|" is length of that line segment, "A" is an area of a interpolation on said vertex position in said original frame- 
polygon sided by said particular line segment. work and said vertex position determined in said determin- 

226. The medium of claim 216, wherein said evaluating ing a position of a vertex after said unnecessary line segment 
a degree of importance of each line segment is performed 30 is removed. 

based on a length of said line segments. 240. The medium of claim 216, further comprising recon- 

227. The medium of claim 226, wherein said evaluating figuring a texture applied to said framework to account for 
a degree of importance of said line segments further com- said removing of said unnecessary line segment. 

prises assigning a degree of importance to each line segment 241. The medium of claim 216, wherein said evaluation 

in direct proportion to a length of that line segment. 35 of a degree of importance of each line segment is based in 

228. The medium of claim 216, wherein if two or more part on an evaluation of the degree of importance of line 
line segments are assigned an identical degree of segments contiguous to a particular line segment being 
importance, a lowest degree of importance among said two evaluated. 

or more line segments is assigned to that line segment of said 242. The medium of claim 216, further comprising recon- 

two or more line segments with a shortest length. 40 figuring said framework after said unnecessary line segment 

229. The medium of claim 216, further comprising repeat- has been removed by placing a new vertex at said position 
ing said evaluating a degree of importance of each line identified in said determining a position of a vertex, 
segment; said removing an unnecessary line segment; and 243. The medium of claim 242, wherein said reconfigur- 
said determining a position of a vertex after said unneces- ing comprises using said new vertex to replace a previous 
sary line segment is removed. 45 vertex located at an end of said unnecessary, removed line 

230. The medium of claim 216, wherein said evaluating segment. 

a degree of importance of each line segment is performed 244. A medium for storing image data for approximating 

based on an amount by which an amount of said image data an image by decreasing an amount of image data used to 

is changed by removal of a particular line segment. create the image, wherein said image data defines a polygo- 

231. The medium of claim 216, wherein said evaluating 50 nal framework, said framework being composed of line 
a degree of importance of each line segment is performed segments drawn between vertices, said medium comprising- 
based on importance values assigned by a user to one or a memory unit for storing said image data, wherein said 
more of said line segments. image data stored onlo said me m - { are led 

232. I tie medium of claim 231, further comprising speci- by: 

fying one or more of said line segments as of high 55 assigning an importance value to each line segment of 

importance, wherein said evaluating a degree of importance said framework; 

of each line segment further comprises preventing said one removing from said framework that line segment hav- 

or more high importance line segments from being desig- ing a lowest importance value- and 

nated I assaid unnecessary line segment. reconfiguring said framework to account for said 

233. rhe medium of claim 216, wherein said determining 60 removal of said line segment having said lowest 
a position of a vertex after said unnecessary line segment is importance value. 

removed comprises positioning said vertex at said position 245. The medium of claim 244, wherein said reconfigur- 

such that a total loss of area between a framework including ing further comprises replacing two vertices of said 

said unnecessary line segment and a framework in which framework, between which said removed line segment had 
said unnecessary line segment is removed is minimized. 65 been connected, with a single new vertex. 

234. The medium of claim 216, wherein said determining 246. The medium of claim 244, wherein said image data 
a position of a vertex after said unnecessary line segment is defines a 3-dimensional pJlygonal framework 
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247. The medium of claim 244, wherein said assigning an on importance values assigned by a user to one or more of 
importance value to each line segment is performed by said line segments. 

evaluating an amount by which a volume of the polygonal 261. The medium of claim 260, further comprising speci- 

framework denned by the image data is changed by removal fying one or more of said line segments as of high 
°% a P ar i! cular ]™ se f ment " _ . . 5 importance, wherein assigning an importance value to each 

248. The medium of claim 247, wherein said assigning an i ine segment further comprises preventing said one or more 
importance value to each line segment further comprises high importance line segments from being removed 
assigning a line segment an importance value in direct 262. The medium of claim 244, wherein said reconfigur- 
proportion to the amount of volume change caused by mg comprises positioning a new vertex at a position such 

re ^o^ J mC W^L, , . 10 ^ a lotal loss of area belween a framework including said 
24V. rne medium of claim 244, wherein said assigning an line segment having said lowest importance value and a 
importance value to each line segment is performed using a framework comprising said new vertex and in which said 
vector (E) which represents a particular line segment, an lowest-importance-value line segment is removed is mini- 
area (A) of a polygon within said polygonal framework, mized. 

wherein said particular line segment is a side of said 15 263. The medium of claim 244, wherein said reconfigur- 

polygon, and a vector (N) normal to a plane of said polygon. mg comprises positioning a vertex at a position such that a 

250. The medium of claim 249, loss of area t0 aid framework caused by removal of said 
wherein said assigning an importance value to each line lowest-importance-value line segment is approximately 

segment further comprises calculating an importance of equal for portions of said framework on opposite sides of 

a particular line segment by (NE)xA, 2 0 said vertex, 

wherein E is said vector representing a particular line 264. The medium of claim 244, wherein said reconfigur- 

segment, A is said area of a polygon sided by said ing comprises positioning a vertex at a position correspond - 

particular line segment, and N is said normal vector. ing to an end of said removed lowest -importance- value line 

251 . The medium of claim 244, wherein said assigning an segment . 

importance value to each line segment is performed based 25 265. The medium of claim 244, wherein an intermediate 

on an amount by which an area of said polygonal framework configuration of said image data is generated by decreasing 

defined by said image data is changed by removal of a a length of said lowest-importance-value line segment prior 

particular line segment. to said removing said lowest-importance-value line seg- 

252. The medium of claim 251, wherein said assigning an ment. 

importance value to each line segment further comprises 30 266. The medium of claim 244, wherein an intermediate 
assigning an importance value to a particular line segment in polygonal framework is generated between an original 
direct proportion to said amount by which said area of said framework including said lowest-importance-value line seg- 
polygonal framework is changed by removal of that line ment and a new reconfigured framework with said lowest- 
segment, importance-value line segment removed. 

253. The medium of claim 244, wherein said assigning an 35 267. The medium of claim 266, wherein said generating 
importance value to each line segment is performed based an intermediate framework comprises locating a vertex an a 
on a length of a particular line segment and an area of a position intermediate to a vertex position in said original 
polygon within said polygonal framework of which said framework and a new vertex position determined in said 
particular line segment is a side. reconfiguring. 

254. The medium of claim 252, wherein said assigning an 40 268. The medium of claim 267, wherein said locating a 
importance value to each line segment further comprises vertex at an intermediate position comprises using a linear 
calculating a sum of results of an equation |E|xA for poly- interpolation on said vertex position in said original frame- 
gons sided by said particular line segment, wherein "|E|" is work and said new vertex position determined in said 
length of that line segment, "A" is an area of a polygon sided reconfiguring. 

by said particular line segment. 45 269. The medium of claim 244, wherein a texture applied 

255. The medium of claim 244, wherein said assigning an to said framework is reconfigured to account for said remov- 
importance value to each line segment is performed based ing of said lowest-importance-value line segment. 

on a length of said line segments. 270. The medium of claim 244, wherein said assigning an 

256. The medium of claim 255, wherein said assigning an importance value to each line segment is done in accordance 
importance value to each of said line segments further 50 with an assigned importance value of line segments con- 
comprises assigning an importance value to each line seg- tiguous to a particular line segment being evaluated, 
ment in direct proportion to a length of that line segment. 271. The medium of claim 244, wherein said reconfigur- 

257. 'I Tie medium of claim 244, wherein if two or more ing comprises using a new vertex to replace a previous 
line segments are assigned an identical degree of vertex located at an end of said removed, lowest- 
importance, a lowest degree of importance is assigned 55 importance-value line segment. 

among said two or more line segments to that line segment 272. A medium for storing image data for approximating 

of said two or more line segments with a shortest length. an image by decreasing an amount of image data used to 

258. The medium of claim 244, further comprising repeat- create the image, wherein said image data defines a polygo- 
ing said steps of assigning an importance value to each line nal framework formed of polygons to which textures or 
segment; removing that line segment with the lowest impor- 60 pictures are applied, said polygons of said framework being 
tance value; and reconfiguring said framework. composed of line segments connected between vertices, said 

259. The medium of claim 244, wherein said assigning an medium comprising: 

importance value to each line segment is performed based a memory unit for storing said image data, wherein said 

on an amount by which an amount of said image data is image data stored onto said memory unit are generated 

changed by removal of a particular line segment. 65 by: 

260. The medium of claim 244, wherein said assigning an evaluating a degree of importance of each line segment 
importance value to each line segment is performed based of said framework; 
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removing an unnecessary line segment identified by framework wherein said particular line segment is a side of 

said evaluating a degree of importance of each line said polygon, and a vector (N) normal to a plane of said 

segment; polygon, 

reconfiguring said framework to account for said 284. The medium of claim 283 

removal of said line segment; and 5 whercin said evaluating a 6&gt ^ of of each 

reconfiguring said textures or pictures applied to said line segment further comprises calculating an impor- 

framework to account for said removal of said line tance of a particular line segment by (NE)xA, 

vn ?L gmen !i- r , ^ L • . , , wherein E is said vector representing a particular line 

273. Ilie medium of claim 272, wherein said reconfigur- segment, A is said area of a polygon sided by said 
mg the textures or pictures applied to the framework is 10 particular line segment, and N is said normal vector, 
preformed altering an association between a vertex of said 285. The medium of claim 272, wherein said evaluating 
unnecessary line segment and any of said textures or pic- a degree of importance of each line segment is performed 
tares. based on an amount by which an area of said polygonal 

274. The medium of claim 272, wherein: framework defined by said image data is changed by 
said reconfiguring of said framework comprises replacing !5 removal °f a particular line segment. 

two vertices of said framework, between which said 286 ^ ™ edium of cla im 285, wherein said evaluating 
unnecessary, removed line segment had been a degree of im P ortaDce of ea cb line segment further corn- 
connected, with a single new vertex- and pnses assi g mn g a de&ce of importance to a particular line 

said reconfiguring the textures or pictures applied to the Tr^T ^T* l ° ^ b J which aid 

fr.™«„,~X « a. FHi»u iu ujc area ofsaid polygonal framework is changed by removal of 

framework comprises determining a new position on 20 that line segment 

said textures or pictures corresponding to a position of 2 87. Tne medium of claim 272, wherein said evaluating 

said single new vertex m .said framework. a degree of importance of each line segment is performed 

275. The medium of claim 274, wherein said reconfigur- based on a length of a particular line segment and an area of 
ing ot said textures or pictures applied to the framework a polygon within said polygonal framework of which said 
comprises determining said new position by interpolation 25 particular line segment is a side. 

between two points on the textures or pictures which cor- 288. The medium of claim 287, wherein said evaluating 

res^nd to the unnecessary line segment. a degree of importance of each line segment further com- 

276. The medium of claim 275, wherein said interpolation prises calculating a sum of results of an equation E|xA for 
15 inler P° lat10 "- polygons sided by said particular line segment, wherein 

277. rhe medium of claim 272, wherein said evaluating 30 "|E|" is length of that line segment, "A" is an area of a 
a degree of importance of each line segment of said frame- polygon sided by said particular line segment. 

work further comprises preventing any line segment existing 289. The medium of claim 272, wherein said evaluating 

on an outlme of any of said textures or pictures from being a degree of importance of each line segment is performed 

designated as said unnecessary line segment. based on a length of said line segments. 

278. The medium of claim 272, wherein said evaluating 35 290. The medium of claim 289, wherein said evaluating 
a degree of importance of each line segment of said frame- a degree of importance of said line segments further corn- 
work further comprises preventing any line segment, which prises assigning a degree of importance to each line segment 
exists on an outline of any of said textures or pictures from in direct proportion to a length of that line segment, 
being designated as said unnecessary line segment if a 291. The medium of claim 272, wherein if two or more 
change in an area of said texture or picture resulting from 40 line segments are assigned an identical degree of 
removal of that line segment exceeds a predetermined value. importance, a lowest degree of importance is assigned 

279. The medium of claim 278, wherein said area change among said two or more line segments to that line segment 
amount after the line segment removal is obtained on the of said two or more line segments with a shortest length 

f/Mcwi 3 calculali0D of sum of results of an equation 292. The medium of claim 272, further comprising repeat - 

|(N-E)xL| at line segments corresponding to the boundary 45 ing said steps of evaluating a degree of importance of each 

lines[]of the texture or picture existing before and after line segment; removing an unnecessary line segment; recon- 

the line segment to be removed, wherein "E" is representing figuring said framework; and reconfiguring said textures or 

that line segment, "L" is a length of line segment corre- pictures. 

sponding to the boundary lines of the texture or picture, "N" 293. The medium of claim 272, wherein said evaluating 

is a normal vector of said line segments, is a inner 50 a degree of importance of each line segment is performed 

Pr0 ^on Ct ^ nd " X " ^ 3 product ' Dased on a n amount by which an amount of said image data 

280. The medium of claim 272, wherein said image data is changed by removal of a particular line segment, 
defines a 3-dimensional polygonal framework. 294. The medium of claim 272, wherein said evaluating 

281. Phe medium of claim 272, wherein said evaluating a degree of importance of each line segment is performed 
a degree of importance of each line segment is performed by 55 based on importance values assigned by a user to one or 
evaluating an amount by which a volume of the polygonal more of said line segments. 

framework defined by the image data is changed by removal 295. The medium of claim 294, one or more of said line 

° f I c P ar i^ ular Une ^g™ 01 - segments is specified as of high importance, wherein said 

282. The medium of claim 281, wherein said evaluating evaluating a degree of importance of each line segment 
a degree of importance of each line segment further com- 60 further comprises preventing said one or more high impor- 
pnses assigning a Une segment a degree of importance in tance line segments from being designated as said unnec- 
direct proportion to the amount of volume change caused by essary line segment. 

removal of that line segment. ' 296. The medium of claim 272, wherein said reconfigur- 

283. The medium of claim 272, wherein said evaluating ing said framework comprises positioning a vertex at a 
a degree of importance of each line segment is performed 65 position such that a total loss of area between a framework 
using a vector (E) which represents a particular line including said unnecessary line and a framework in which 
segment, an area (A) of a polygon within said polygonal said unnecessary line segment is removed is minimized. 
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297. The medium of claim 272, wherein said reconfigur- 
ing said framework comprises positioning a vertex at a 
position such that a loss of area to said framework caused by 
removal of said unnecessary line segment is approximately 
equal for portions of said framework on opposite sides of 
said vertex. 

298. The medium of claim 272, wherein said reconfigur- 
ing said framework comprises positioning a new vertex at a 
position corresponding to an end of said removed unneces- 
sary line segment. 

299. The medium of claim 272, wherein an intermediate 
configuration of said image data is generated by decreasing 
a length of said unnecessary line segment prior to said 
removing said unnecessary line segment. 

300. The medium of claim 272, wherein an intermediate 
polygonal framework between an original framework is 
generated to include said unnecessary line segment and a 
new framework with said unnecessary line segment 
removed. 

301. The medium of claim 300, wherein said generating 20 
an intermediate framework comprises locating a vertex an a 
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position intermediate to a vertex position in said original 
framework and a vertex position determined in said deter- 
mining a position of a vertex after said unnecessary line 
segment is removed. 

302. The medium of claim 301, wherein said locating a 
vertex at an intermediate position comprises using a linear 
At interpolation on said vertex position in said original 
framework and said vertex position determined in said 
determining a position of a vertex after said unnecessary line 
segment is removed. 

303. The medium of claim 272, werein said evaluating a 
degree of importance of each line segment is based in part 
on an evaluation of a degree of importance of line segments 

15 contiguous to a particular line segment being evaluated. 

304. The medium of claim 272, wherein said reconfigur- 
ing said framework comprises using a new vertex to replace 
a previous vertex located at an end of said unnecessary, 
removed line segment. 



